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LEADLESS CARDIAC PACEMAKER WITH proximate the distal end of the housing configured to be 
RETRIEVAL FEATURES positioned adjacent cardiac tissue , and a docking member 

extending from the proximal end of the housing along a 
CROSS REFERENCE TO RELATED longitudinal axis of the housing . The docking member is 

APPLICATIONS 5 configured to facilitate retrieval of the implantable leadless 
cardiac pacing device . The docking member includes a head 

The present application is a continuation application of portion and a neck portion extending between the housing 
U . S . patent application Ser . No . 14 / 698 , 490 , filed Apr . 28 , and the head portion . The head portion has a radial dimen 
2015 , which claims the benefit of U . S . Provisional Appli - sion from the longitudinal axis and the neck portion has a 
cation Ser . No . 61 / 985 . 788 . filed Apr . 29 . 2014 . the complete 10 radial dimension from the longitudinal axis less than the 
disclosures of which are herein incorporated by reference . radial dimension of the head portion . A collapsible covering 

is located between the head portion of the docking member 
TECHNICAL FIELD and the proximal end of the housing . The collapsible cov 

ering has a peripheral surface collapsible toward the neck 
The disclosure is directed to implantable cardiac devices . 15 portion when engaged with a retrieval device . 

More particularly , the disclosure is directed to leadless Yet another illustrative embodiment includes a method of 
cardiac stimulators or pacemakers including retrieval fea - retrieving an implantable cardiac pacing device . The 
tures , such as a collar or covering associated with a proximal implantable cardiac pacing device has a housing having a 
docking member . longitudinal axis , an electrode positioned proximate a distal 

20 end of the housing , and a docking member extending from 
BACKGROUND a proximal end of the housing opposite the distal end . The 

docking member includes a head portion , a neck portion 
Cardiac pacemakers provide electrical stimulation to extending between the housing and the head portion , and a 

heart tissue to cause the heart to contract and thus pump covering surrounding at least a portion of the neck portion . 
blood through the vascular system . Conventional pacemak - 25 The method includes advancing a snare toward the docking 
ers typically include an electrical lead that extends from a member and encircling the docking member with a loop of 
pulse generator implanted subcutaneously or sub - muscu the snare . The loop is then cinched around the neck portion 
larly to an electrode positioned adjacent the inside or outside of the docking member such that the covering collapses 
wall of the cardiac chamber . As an alternative to conven - toward the longitudinal axis as the loop presses against the 
tional pacemakers , self - contained or leadless cardiac pace - 30 covering . In some instances , the covering collapses to a 
makers have been proposed . Leadless cardiac pacemakers radial extent from the longitudinal axis less than an outer 
are small capsules typically fixed to an intracardiac implant most radial extent of the head portion of the docking 
site in a cardiac chamber with a fixation mechanism engag - member from the longitudinal axis . 
ing the intracardiac tissue . The small capsule typically T he above summary of some example embodiments is not 
includes bipolar pacing / sensing electrodes , a power source 35 intended to describe each disclosed embodiment or every 
( e . g . a battery ) , and associated electrical circuitry for con - implementation of the aspects of the disclosure . 
trolling the pacing / sensing electrodes , and thus provide 
electrical stimulation to heart tissue and / or sense a physi BRIEF DESCRIPTION OF THE DRAWINGS 
ological condition . 

Accordingly , it is desirable to provide alternative struc - 40 The aspects of the disclosure may be more completely 
tures to facilitate retrieving leadless cardiac pacemakers understood in consideration of the following detailed 
from an implantation site in a heart chamber . description of various embodiments in connection with the 

accompanying drawings , in which : 
SUMMARY FIG . 1 illustrates an exemplary implantable device 

45 implanted in a chamber of a heart ; 
The disclosure is directed to several alternative designs , FIG . 2 illustrates an exemplary retrieval device capturing 

materials and methods of manufacturing medical device an implantable device during a retrieval procedure ; 
structures and assemblies , and uses thereof . FIG . 3 illustrates another exemplary retrieval device cap 

Accordingly one illustrative embodiment includes an turing an implantable device during a retrieval procedure ; 
implantable leadless cardiac pacing device including a hous - 50 FIG . 4 illustrates an exemplary docking member of an 
ing having a proximal end and a distal end , an electrode implantable device including a covering surrounding at least 
positioned proximate the distal end of the housing config - a portion of the docking member ; 
ured to be positioned adjacent cardiac tissue , and a docking FIGS . 5A - 5C are top views illustrating some exemplary 
member extending from the proximal end of the housing configurations of a covering surrounding at least a portion of 
along a longitudinal axis of the housing . The docking 55 a docking member of an implantable device ; 
member is configured to facilitate retrieval of the implant - FIGS . 6A - 6B illustrate an exemplary covering for a 
able leadless cardiac pacing device . The docking member docking member of an implantable device ; 
includes a head portion and a neck portion extending FIGS . 7A - 7B illustrate another exemplary covering for a 
between the housing and the head portion . The head portion docking member of an implantable device ; 
has a radial dimension from the longitudinal axis and the 60 FIGS . 8A - 8B illustrate another exemplary covering for a 
neck portion has a radial dimension from the longitudinal docking member of an implantable device ; and 
axis less than the radial dimension of the head portion . A FIGS . 9A - 9E illustrate another exemplary covering for a 
covering surrounds at least a portion of the neck portion of docking member of an implantable device . 
the docking member . While the aspects of the disclosure are amenable to 

Another illustrative embodiment includes an implantable 65 various modifications and alternative forms , specifics 
leadless cardiac pacing device including a housing having a thereof have been shown by way of example in the drawings 
proximal end and a distal end , an electrode positioned and will be described in detail . It should be understood , 
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however , that the intention is not to limit aspects of the The implantable device 10 may include a fixation mecha 
disclosure to the particular embodiments described . On the nism 24 proximate the distal end 16 of the housing 12 
contrary , the intention is to cover all modifications , equiva - configured to attach the implantable device 10 to a tissue 
lents , and alternatives falling within the spirit and scope of wall of the heart H , or otherwise anchor the implantable 
the disclosure . 5 device 10 to the anatomy of the patient . As shown in FIG . 

1 , in some instances , the fixation mechanism 24 may include 
DETAILED DESCRIPTION one or more , or a plurality of hooks 26 anchored into the 

cardiac tissue of the heart H to attach the implantable device 
For the following defined terms , these definitions shall be 10 to a tissue wall . In other instances , the fixation mecha 

applied , unless a different definition is given in the claims or 10 nism 24 may include one or more , or a plurality of passive 
elsewhere in this specification . tines , configured to entangle with trabeculae within the 
All numeric values are herein assumed to be modified by chamber of the heart H and / or a helical fixation anchor 

the term “ about ” , whether or not explicitly indicated . The configured to be screwed into a tissue wall to anchor the 
term “ about " generally refers to a range of numbers that one is implantable device 10 to the heart H . 
of skill in the art would consider equivalent to the recited The implantable device 10 may include a docking mem 
value ( i . e . , having the same function or result ) . In many ber 30 proximate the proximal end 14 of the housing 12 
instances , the term “ about ” may be indicative as including configured to facilitate delivery and / or retrieval of the 
numbers that are rounded to the nearest significant figure . implantable device 10 . For example , the docking member 30 

The recitation of numerical ranges by endpoints includes 20 may extend from the proximal end 14 of the housing 12 
all numbers within that range ( e . g . , 1 to 5 includes 1 , 1 . 5 , 2 , along a longitudinal axis of the housing 12 . The docking 
2 . 75 , 3 , 3 . 80 , 4 , and 5 ) . member 30 may include a head portion 32 and a neck 

Although some suitable dimensions , ranges and / or values portion 34 extending between the housing 12 and the head 
pertaining to various components , features and / or specifi portion 32 . The head portion 32 may be an enlarged portion 
cations are disclosed , one of skill in the art , incited by the 25 relative to the neck portion 34 . For example , the head 
present disclosure , would understand desired dimensions , portion 32 may have a radial dimension from the longitu 
ranges and / or values may deviate from those expressly dinal axis of the implantable device 10 which is greater than 
disclosed . a radial dimension of the neck portion from the longitudinal 
As used in this specification and the appended claims , the axis of the implantable device 10 . The docking member 30 

singular forms " a " , " an " , and " the " include plural referents 30 may be configured to facilitate delivery of the implantable 
unless the content clearly dictates otherwise . As used in this device 10 to the intracardiac site and / or retrieval of the 
specification and the appended claims , the term " or " is implantable device 10 from the intracardiac site . Some 
generally employed in its sense including “ and / or ” unless exemplary embodiments of the docking member 30 are 
the content clearly dictates otherwise . described in further detail herein . 

The following detailed description should be read with 35 The implantable device 10 may also include a covering 60 
reference to the drawings in which similar elements in surrounding at least a portion of the neck portion 34 of the 
different drawings are numbered the same . The detailed docking member 30 . For example , the covering 60 may 
description and the drawings , which are not necessarily to extend from the head portion 34 of the docking member 30 
scale , depict illustrative embodiments and are not intended to the proximal end of the housing 12 , in some instances . 
to limit the scope of the disclosure . The illustrative embodi - 40 The covering 60 may be collapsible radially inward toward 
ments depicted are intended only as exemplary . Selected the longitudinal axis , and thus toward the neck portion 34 . 
features of any illustrative embodiment may be incorporated In some instances , the covering 60 may be provided to 
into an additional embodiment unless clearly stated to the preclude blood coagulation or embolization around the neck 
contrary . portion 34 while implanted in a patient , yet resilient to 

Referring to FIG . 1 , an exemplary implantable leadless 45 permit a snare or other retrieval device to cinch around the 
cardiac pacing device 10 ( e . g . , a leadless pacemaker ) is neck portion 34 during a retrieval procedure . 
illustrated implanted in a chamber of a heart H , such as the If it is desired to retrieve the implantable device 10 from 
apex of the right ventricle RV . The implantable device 10 the heart H , a retrieval device 50 may be advanced into the 
may include a shell or housing 12 having a proximal end 14 chamber of the heart H to capture the implantable device 10 
and a distal end 16 . The implantable device 10 may include 50 and remove the implantable device 10 from the heart H . One 
a first electrode 20 positioned proximate the distal end 16 of exemplary retrieval device 50 is illustrated in FIG . 2 . The 
the housing 12 and a second electrode 22 positioned proxi - retrieval device 50 may include a snare 52 advanceable from 
mate the proximal end 14 of the housing 12 . The electrodes a lumen 58 of a retrieval catheter 54 . The snare 52 may 
20 , 22 may be sensing and / or pacing electrodes to provide include one or more , or a plurality of loops 56 extending 
electro - therapy and / or sensing capabilities . The first elec - 55 from a distal end of the snare 52 configured to engage the 
trode 20 may be configured to be positioned against or docking member 30 of the implantable device 10 . The snare 
otherwise contact the cardiac tissue of the heart H while the 52 shown in FIG . 2 includes three loops 56 formed by 
second electrode 22 may be spaced away from the first elongate filaments extending from the shaft of the snare 52 . 
electrode 20 , and thus spaced away from the cardiac tissue . Once the loop ( s ) 56 of the snare 52 has captured the docking 

The implantable device 10 may include a pulse generator 60 member 30 , the snare 52 may be actuated proximally 
( e . g . , electrical circuitry ) and a power source ( e . g . , a battery relative to the retrieval catheter 54 to pull the implantable 
within the housing 12 to provide electrical signals to the device 10 into the lumen 58 of the retrieval catheter 54 . The 
electrodes 20 , 22 and thus control the pacing / sensing elec - enlarged size of the head portion 32 relative to the neck 
trodes 20 , 22 . Electrical communication between pulse portion 34 may permit the loop 56 of the snare 52 to encircle 
generator and the electrodes 20 , 22 may provide electrical 65 the neck portion 34 below ( i . e . , distal of ) the head portion 32 
stimulation to heart tissue and / or sense a physiological and retain the loop 56 around the docking member 30 as the 
condition . snare 52 is pulled proximally . 
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The loop of the snare 56 may collapse the covering 60 The covering 60 may be provided with the docking 
radially inward toward the neck portion 34 as the loop of the member 30 . For example , the covering 60 may surround at 
snare is cinched around the neck portion 34 . The resiliency least a portion of the neck portion 34 of the docking member 
of the covering 60 may permit the loop of the snare 56 or 30 between the head portion 32 and the housing 12 . The 
other retrieval device to cinch around the neck portion 345 covering 60 may be configured to inhibit tissue growth or 
distal of the head portion 32 to secure the snare 56 with the entanglement around the docking member 30 and / or pre 
docking member 30 to apply a retrieval force to pull the clude blood coagulation or embolization around the neck 
implantable device 10 into the retrieval catheter 54 . portion 34 while implanted in a patient , yet resilient to 
As the implantable device 10 is pulled into the retrieval permit a snare or other retrieval device to cinch around the 

catheter 54 , the fixation mechanism 24 may disengage from 10 neck portion 34 during a retrieval procedure . For example , 
the covering 60 may deflect , compress , or otherwise collapse the heart tissue to detach the implantable device 10 from the toward the longitudinal axis of the implantable device 10 by heart wall . For example , the hooks 26 may elongate as the an applied force from the snare 56 . implantable device 10 is drawn proximally into the lumen 58 FIGS . 5A - 5C are top views illustrating some exemplary 

of the retrieval catheter 54 . Thereafter , the retrieval device device 15 configurations of the covering 60 surrounding at least a 50 , with the implantable device 10 captured in the lumen of portion of the docking member 30 of the implantable device 
the retrieval catheter 54 with the snare 52 , may be with 10 . These configurations are illustrative of some possible 
drawn from the heart H . configurations , however , other configurations of the cover 

Another exemplary retrieval device 50 is illustrated in ing 60 are contemplated . As shown in FIG . 5A , in some 
FIG . 3 . Similar to FIG . 2 , the retrieval device 50 may include 20 embodiments , the covering 60 may be an annular member 
a snare 52 advanceable from a lumen 58 of a retrieval fully surrounding the entire perimeter of the neck portion 34 
catheter 54 . The snare 52 may include one or more , or a of the docking member 30 . In other embodiments , such as in 
plurality of loops 56 extending from a distal end of the snare FIGS . 5B and 5C , the covering 60 may extend around less 
52 configured to engage the docking member 30 of the than the entire perimeter of the neck portion 34 of the 
implantable device 10 . The snare 52 shown in FIG . 3 25 docking member 30 . For example , FIG . 5B illustrates a 
includes a single loop 56 formed by an elongate filament configuration of the covering 60 having a pair of regions 
extending from the shaft of the snare 52 . Once the loop 56 extending in opposite directions from the docking member 
of the snare 52 has captured the docking member 30 , the 30 . FIG . 5C illustrates another configuration in which the 
snare 52 may be actuated proximally relative to the retrieval covering 60 includes four regions equally arranged around 
catheter 54 to pull the implantable device 10 into the lumen 30 the perimeter ( e . g . , circumference ) of the neck portion 34 of 
58 of the retrieval catheter 54 . The enlarged size of the head the docking member 30 . In embodiments in which the 
portion 32 relative to the neck portion 34 may permit the covering 60 includes one or more , or a plurality of segments , 
loop 56 of the snare 52 to encircle the neck portion 34 below the segments may be arranged symmetrically or asymmetri 
( i . e . , distal of ) the head portion 32 and retain the loop 56 cally around the perimeter ( e . g . , circumference ) of the neck 
around the docking member 30 as the snare 52 is pulled 35 portion 34 , as desired . 
proximally . The covering 60 , which in some instances may be a 

The loop of the snare 56 may collapse the covering 60 shroud , collar , sheath , casing , or other structure covering or 
radially inward toward the neck portion 34 as the loop of the extending over at least portion of the neck portion 34 of the 
snare is cinched around the neck portion 34 . The resiliency docking member 30 , may be formed of any desired biocom 
of the covering 60 may permit the loop of the snare 56 or 40 patible material . For example , in some instances the cover 
other retrieval device to cinch around the neck portion 34 ing 60 may include a fibrous material , such as an electro 
distal of the head portion 32 to secure the snare 56 with the spun fibrous material , formed of one or more , or a plurality 
docking member 30 to apply a retrieval force to pull the of nano - fibers . In some instances , the fibrous material may 
implantable device 10 into the retrieval catheter 54 . be a fabric or mesh material , formed of a plurality of 

As the implantable device 10 is pulled into the retrieval 45 non - woven , interwoven , entangled , or otherwise arranged 
catheter 54 , the fixation mechanism 30 may disengage from fibers or filaments . In some instances , the covering 60 may 
the heart tissue to detach the implantable device 10 from the include porous material having desired porosity . For 
heart wall . For example , the hooks 26 may elongate as the example , the covering 60 may include a sponge material , 
implantable device 10 is drawn proximally into the lumen 58 such as synthetic sponge material , having an open cell or a 
of the retrieval catheter 54 . Thereafter , the retrieval device 50 closed cell structure which may be compressed with the 
50 , with the implantable device 10 captured in the lumen of application of force . In some instances , the covering 60 may 
the retrieval catheter 54 with the snare 52 , may be with include a foam material , such as an open - cell or closed - cell 
drawn from the heart H . foam material having a desired porosity . For example , in 

FIG . 4 illustrates one exemplary docking member 30 with some instances the foam material may be a reticulated foam 
an associated covering 60 located at the proximal end 14 of 55 material . In some instances , the covering 60 may include a 
the implantable device 10 . The docking member 30 shown gel . 
in FIG . 4 may include a head portion 32 and a neck portion The covering 60 , which may be formed of one or more of 
34 extending between the housing 12 and the head portion the above configurations , or other desired configurations , 
32 . The head portion 32 may be a generally disc shaped ball , may be formed of a biostable material and / or a bioabsorable 
having a radial dimension ( e . g . , diameter ) greater than the 60 material . Some suitable biostable polymeric materials 
radial dimension ( e . g . , diameter ) of the neck portion 34 . The include , but are not necessarily limited to , polyamide , 
docking member 30 may also include a passage 36 extend - polyether block amide , polyethylene , polyethylene 
ing through a portion of the docking member 30 to receive terephthalate , polypropylene , polyvinylchloride , polyure 
a tether ( not shown ) which may be used in delivery and / or thane , polytetrafluoroethylene , polysulfone , and copoly 
retrieval of the implantable device 10 . For example , the 65 mers , blends , mixtures or combinations thereof . Examples 
passage 36 may extend through the head portion 32 from a of suitable bioabsorbable materials may include polymers , 
first side to a second side of the head portion 32 . such as polylactide , poly - L - lactide ( PLLA ) , polyglycolide 
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( PGA ) , polylactide ( PLA ) , poly - D - lactide ( PDLA ) , poly - The covering 60 may be collapsible toward the longitu 
caprolactone , polydioxanone , polygluconate , polylactic dinal axis , and thus toward the neck portion 34 , to a 
acid - polyethylene oxide copolymers , modified cellulose , collapsed state through the application of force , such as the 
collagen , poly ( hydroxybutyrate ) , polyanhydride , polyphos cinching force of a snare 56 of a retrieval device , shown in 
phoester , poly ( amino acids ) , and combinations thereof . 5 FIG . 6B . In the collapsed state , shown in FIG . 6B , the radial 

In some instances the covering 60 may include a thera - dimension of the covering 60 in a plane perpendicular to the 
peutic agent , if desired . The therapeutic agent may be a drug longitudinal axis X may be reduced from the radial dimen 
a non - genetic agent , a genetic agent , etc . Some examples of sion at the equilibrium state to a smaller radial dimension at 
suitable non - genetic therapeutic agents include but are not the collapsed state . For example , in the collapsed state , 
limited to : anti - thrombogenic agents such as heparin , hepa - 10 shown in FIG . 6B , the diameter of the covering 60 in a plane 
rin derivatives , urokinase , and PPack ( dextrophenylalanine perpendicular to the longitudinal axis X may be reduced 
proline arginine chloromethylketone ) ; anti - proliferative from the first diameter at the equilibrium state to a second 
agents such as enoxaprin , angiopeptin , monoclonal antibod - diameter smaller than the first diameter at the collapsed 
ies capable of blocking smooth muscle cell proliferation , state . 
hirudin , and acetylsalicylic acid ; anti - inflammatory agents 15 Thus , the covering 60 may permit a loop of a snare 56 or 
such as dexamethasone , prednisolone , corticosterone , other retrieval device , to engage the docking member 30 
budesonide , estrogen , sulfasalazine , and mesalamine ; anti - distal of the head portion 32 during a retrieval procedure and 
neoplastic / antiproliferative / anti - miotic agents such as pacli - sufficiently tighten around the neck portion 34 such that the 
taxel , 5 - fluorouracil , cisplatin , vinblastine , vincristine , loop of the snare 56 will enter the recessed area 70 or hollow , 
epothilones , endostatin , angiostatin and thymidine kinase 20 and thus not slip off the docking member 30 . For instance , 
inhibitors ; anesthetic agents such as lidocaine , bupivacaine the snare 56 may be sufficiently tightened around the neck 
and ropivacaine ; anti - coagulants such as D - Phe - Pro - Arg portion 34 such that the head portion 32 is prevented from 
chloromethyl keton , an RGD peptide - containing compound , passing through the loop of the snare 56 . For example , the 
heparin , antithrombin compounds , platelet receptor antago - snare 56 may be tightened in the recessed area 70 to a radial 
nists , anti - thrombin antibodies , anti - platelet receptor anti - 25 dimension less than the radial dimension of the head portion 
bodies , aspirin , prostaglandin inhibitors , platelet inhibitors 32 in at least one radial direction from the longitudinal axis 
and tick antiplatelet peptides ; vascular cell growth promot X , preventing the head portion 32 from passing through the 
ers such as growth factor inhibitors , growth factor receptor loop of the snare 56 . The collapsible covering 60 may inhibit 
antagonists , transcriptional activators , and translational pro - tissue growth or entanglement around the docking member 
moters , vascular cell growth inhibitors such as growth factor 30 30 , such as in the recessed area 70 , and / or preclude blood 
inhibitors , growth factor receptor antagonists , transcrip - coagulation or embolization around the neck portion 34 , 
tional repressors , translational repressors , replication inhibi such as in the recessed area 70 , while implanted in a patient 
tors , inhibitory antibodies , antibodies directed against which may otherwise obstruct the recessed area 70 and thus 
growth factors , bifunctional molecules consisting of a inhibit the loop of the snare 56 from being sufficiently 
growth factor and a cytotoxin ; bifunctional molecules con - 35 tightened around the docking member 30 . 
sisting of an antibody and a cytotoxin ; cholesterol - lowering FIGS . 7A - 7B illustrate a second exemplary covering 160 
agents ; vasodilating agents ; and agents which interfere with for the docking member 30 of the implantable device 10 . 
endogenous vascoactive mechanisms , and any combinations The covering 160 may extend from the docking member 30 , 
thereof . for example the head portion 32 of the docking member 30 , 

FIGS . 6A - 6B illustrate a first exemplary covering 60 for 40 to the proximal end of the housing 12 of the implantable 
the docking member 30 of the implantable device 10 . The device 10 , or otherwise be positioned between the head 
covering 60 may extend from the docking member 30 , for portion 32 and the housing 12 . The covering 160 may 
example the head portion 32 of the docking member 30 , to substantially fill a recessed area 70 or hollow defined 
the proximal end of the housing 12 of the implantable device between the enlarged head portion 32 of the docking mem 
10 , or otherwise be positioned between the head portion 32 45 ber 30 and a proximal end of the housing 12 of the 
and the housing 12 . The covering 60 may extend across a implantable device 10 . In some instances , the covering 160 
recessed area 70 or hollow defined between the enlarged may be an annular member extending entirely around the 
head portion 32 of the docking member 30 and a proximal perimeter ( e . g . , circumference ) of the docking member 30 in 
end of the housing 12 of the implantable device 10 . For the recessed area 70 , or the covering 160 may be located 
example , the covering 60 may be a thin polymeric film 50 around a portion of the perimeter of the docking member 30 . 
extending across the recessed area 70 . In the embodiment of In the equilibrium state , shown in FIG . 7A , the covering 
FIGS . 6A - 6B , a cavity 62 may be located between the 160 may have a radial dimension from the longitudinal axis 
covering 60 and an outer surface of the neck portion 34 of X greater than the radial dimension of the neck portion 34 . 
the docking member 30 . In some instances , the covering 60 For example , the covering 160 may have a radial dimension 
may extend entirely around the perimeter ( e . g . , circumfer - 55 from the longitudinal axis X greater than or equal to the 
ence ) of the docking member 30 , or the covering 60 may be radial dimension of the head portion 32 . In embodiments in 
located around a portion of the perimeter of the docking which the covering 160 annularly surrounds the neck portion 
member 30 . 34 , the collapsible covering 160 may have a first diameter in 

In the equilibrium state , shown in FIG . 6A , the covering the equilibrium state . 
60 may have a radial dimension from the longitudinal axis 60 The covering 160 may be collapsible toward the longi 
X greater than the radial dimension of the neck portion 34 . tudinal axis , and thus toward the neck portion 34 , to a 
For example , the covering 60 may have a radial dimension collapsed state through the application of force , such as the 
from the longitudinal axis X greater than or equal to the cinching force of a snare 56 of a retrieval device , shown in 
radial dimension of the head portion 32 . In embodiments in FIG . 7B . In the collapsed state , shown in FIG . 7B , the radial 
which the covering 60 annularly surrounds the neck portion 65 dimension of the covering 160 in a plane perpendicular to 
34 , the collapsible covering 60 may have a first diameter in the longitudinal axis X may be reduced from the radial 
the equilibrium state . dimension at the equilibrium state to a smaller radial dimen 
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sion at the collapsed state . For example , in the collapsed reduced from the first diameter at the equilibrium state to a 
state , shown in FIG . 7B , the diameter of the covering 160 in second diameter smaller than the first diameter at the col 
a plane perpendicular to the longitudinal axis X may be lapsed state . 
reduced from the first diameter at the equilibrium state to a Thus , the covering 260 may permit a loop of a snare 56 
second diameter smaller than the first diameter at the col - 5 or other retrieval device , to engage the docking member 30 
lapsed state . distal of the head portion 32 during a retrieval procedure and 

Thus , the covering 160 may permit a loop of a snare 56 sufficiently tighten around the neck portion 34 such that the 
or other retrieval device , to engage the docking member 30 loop of the snare 56 will enter the recessed area 70 or hollow , 
distal of the head portion 32 during a retrieval procedure and and thus not slip off the docking member 30 . For instance , 
sufficiently tighten around the neck portion 34 such that the 10 the snare 56 may be sufficiently tightened around the neck 
loop of the snare 56 will enter the recessed area 70 or hollow , portion 34 such that the head portion 32 is prevented from 
and thus not slip off the docking member 30 . For instance , passing through the loop of the snare 56 . For example , the 
the snare 56 may be sufficiently tightened around the neck snare 56 may be tightened in the recessed area 70 to a radial 
portion 34 such that the head portion 32 is prevented from dimension less than the radial dimension of the head portion 
passing through the loop of the snare 56 . For example , the 15 32 in at least one radial direction from the longitudinal axis 
snare 56 may be tightened in the recessed area 70 to a radial X , preventing the head portion 32 from passing through the 
dimension less than the radial dimension of the head portion loop of the snare 56 . The collapsible covering 260 may 
32 in at least one radial direction from the longitudinal axis inhibit tissue growth or entanglement around the docking 
X , preventing the head portion 32 from passing through the member 30 , such as in the recessed area 70 , and / or preclude 
loop of the snare 56 . The collapsible covering 160 may 20 blood coagulation or embolization around the neck portion 
inhibit tissue growth or entanglement around the docking 34 , such as in the recessed area 70 , while implanted in a 
member 30 , such as in the recessed area 70 , and / or preclude patient which may otherwise obstruct the recessed area 70 
blood coagulation or embolization around the neck portion and thus inhibit the loop of the snare 56 from being 
34 , such as in the recessed area 70 , while implanted in a sufficiently tightened around the docking member 30 . 
patient which may otherwise obstruct the recessed area 70 25 FIGS . 9A - 9E illustrate another exemplary covering 360 
and thus inhibit the loop of the snare 56 from being for a docking member 30 of an implantable device 10 . The 
sufficiently tightened around the docking member 30 . covering 360 may extend from the docking member 30 , for 
FIGS . 8A - 8B illustrate a third exemplary covering 260 for example the head portion 32 of the docking member 30 , to 

the docking member 30 of the implantable device 10 . The the proximal end of the housing 12 of the implantable device 
covering 260 may extend from the docking member 30 , for 30 10 , or otherwise be positioned between the head portion 32 
example the head portion 32 of the docking member 30 , to and the housing 12 . The covering 360 may substantially fill 
the proximal end of the housing 12 of the implantable device a recessed area 70 or hollow defined between the enlarged 
10 , or otherwise be positioned between the head portion 32 head portion 32 of the docking member 30 and a proximal 
and the housing 12 . The covering 260 may include an outer end of the housing 12 of the implantable device 10 . In some 
layer of material 264 and a core layer of material 262 35 instances , the covering 360 may be an annular member 
radially interior of the outer layer 264 . The covering 260 extending entirely around the perimeter ( e . g . , circumfer 
may substantially fill a recessed area 70 or hollow defined ence ) of the docking member 30 in the recessed area 70 , or 
between the enlarged head portion 32 of the docking mem - the covering 360 may be located around a portion of the 
ber 30 and a proximal end of the housing 12 of the perimeter of the docking member 30 . 
implantable device 10 . In some instances , the covering 260 40 In the equilibrium state , shown in FIG . 9A , the covering 
may be an annular member extending entirely around the 360 may have a radial dimension from the longitudinal axis 
perimeter ( e . g . , circumference ) of the docking member 30 in X greater than the radial dimension of the neck portion 34 . 
the recessed area 70 , or the covering 260 may be located For example , the covering 360 may have a radial dimension 
around a portion of the perimeter of the docking member 30 . from the longitudinal axis X greater than or equal to the 
For example , the outer layer 264 may be an annular sleeve , 45 radial dimension of the head portion 32 . In embodiments in 
with the inner layer 262 filling the space between the outer which the covering 360 annularly surrounds the neck portion 
layer 264 and the neck portion 34 in the recessed area 70 . 34 , the collapsible covering 360 may have a first diameter in 

In the equilibrium state , shown in FIG . 8A , the covering the equilibrium state . 
260 may have a radial dimension from the longitudinal axis The covering 360 may be collapsible toward the longi 
X greater than the radial dimension of the neck portion 34 . 50 tudinal axis , and thus toward the neck portion 34 , to a 
For example , the covering 260 may have a radial dimension collapsed state through the application of force , such as the 
from the longitudinal axis X greater than or equal to the cinching force of a snare 56 of a retrieval device , shown in 
radial dimension of the head portion 32 . In embodiments in FIG . 9E . In the collapsed state , shown in FIG . 9E , the radial 
which the covering 260 annularly surrounds the neck portion dimension of the covering 360 in a plane perpendicular to 
34 , the collapsible covering 260 may have a first diameter in 55 the longitudinal axis X may be reduced from the radial 
the equilibrium state . dimension at the equilibrium state to a smaller radial dimen 

The covering 260 may be collapsible toward the longi - sion at the collapsed state . For example , in the collapsed 
tudinal axis , and thus toward the neck portion 34 , to a state , shown in FIG . 9E , the diameter of the covering 360 in 
collapsed state through the application of force , such as the a plane perpendicular to the longitudinal axis X may be 
cinching force of a snare 56 of a retrieval device , shown in 60 reduced from the first diameter at the equilibrium state to a 
FIG . 8B . In the collapsed state , shown in FIG . 8B , the radial second diameter smaller than the first diameter at the col 
dimension of the covering 260 in a plane perpendicular to lapsed state . 
the longitudinal axis X may be reduced from the radial Thus , the covering 360 may permit a loop of a snare 56 
dimension at the equilibrium state to a smaller radial dimen - or other retrieval device , to engage the docking member 30 
sion at the collapsed state . For example , in the collapsed 65 distal of the head portion 32 during a retrieval procedure and 
state , shown in FIG . 8B , the diameter of the covering 260 in sufficiently tighten around the neck portion 34 such that the 
a plane perpendicular to the longitudinal axis X may be loop of the snare 56 will enter the recessed area 70 or hollow , 
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30 

and thus not slip off the docking member 30 . For instance , The docking member includes a head portion and a neck 
the snare 56 may be sufficiently tightened around the neck portion extending between the housing and the head portion . 
portion 34 such that the head portion 32 is prevented from The head portion has a radial dimension from the longitu 
passing through the loop of the snare 56 . For example , the dinal axis and the neck portion has a radial dimension from 
snare 56 may be tightened in the recessed area 70 to a radial 5 the longitudinal axis less than the radial dimension of the 
dimension less than the radial dimension of the head portion head portion . A covering surrounds at least a portion of the 
32 in at least one radial direction from the longitudinal axis neck portion of the docking member . 
X , preventing the head portion 32 from passing through the Additionally or alternatively , in a second embodiment , the 
loop of the snare 56 . The collapsible covering 360 may covering precludes blood coagulation or embolization 
inhibit tissue growth or entanglement around the docking 10 aro around the neck portion while implanted in a patient . 
member 30 , such as in the recessed area 70 , and / or preclude Additionally or alternatively , in a third embodiment , the 
blood coagulation or embolization around the neck portion covering is collapsible toward the neck portion . 34 , such as in the recessed area 70 , while implanted in a Additionally or alternatively , in a fourth embodiment , the patient which may otherwise obstruct the recessed area 70 
and thus inhibit the loop of the snare 56 from being 15 covering extends from the head portion of the docking 
sufficiently tightened around the docking member 30 . member to the proximal end of the housing . 

The covering 360 may also include one or more retrieval Additionally or alternatively , in a fifth embodiment , the 
features configured to direct a retrieval device into the covering has a radial dimension from the longitudinal axis 
recessed area 70 and into engagement with the docking greater than the radial dimension of the neck portion . 
member 30 . For example , the covering 360 may include a 20 Additionally or alternatively , in a sixth embodiment , the 
retrieval member 380 including one or more , or a plurality covering has a radial dimension from the longitudinal axis 
of radially extending protrusions 382 . As shown in FIG . 9A , greater than or equal to the radial dimension of the head 
the radially extending protrusion ( s ) may extend a radial portion . 
distance D2 greater than the radial distance D1 of the Additionally or alternatively , in a seventh embodiment , 
housing 12 in an equilibrium or deployed state . The protru - 25 the covering comprises an electro - spun fibrous material . 
sion ( s ) 382 may include an engagement surface 384 , such as Additionally or alternatively , in an eighth embodiment , 
an angled engagement surface 384 . The engagement surface the covering comprises a synthetic sponge material . 
384 may be oriented at an oblique angle to the longitudinal Additionally or alternatively , in a ninth embodiment , the 
axis X to facilitate guiding a snare 56 of a retrieval device covering comprises a foam material . 
into the recessed area 70 . Additionally or alternatively , in a tenth embodiment , the 

In a delivery state , such as shown in FIG . 9B , the covering comprises a gel . 
protrusion ( s ) may deflect within a delivery sheath 90 , and Additionally or alternatively , in an eleventh embodiment , expand outward to the equilibrium position shown in FIG . the covering comprises a fabric material . 9A when deployed . 

During retrieval of the implantable device 10 with a snare 35 Additionally or alternatively , in a twelfth embodiment , the 
56 of a retrieval device , the snare 56 may be manipulated to covering comprises a bioabsorbable material . 
surround the housing 12 of the implantable device 10 , shown Additionally or alternatively , in a thirteenth embodiment , 
in FIG . 9C . Once the snare 56 has encircled the housing 12 , the covering comprises a drug . 
the snare 56 may be cinched down around the housing 12 Additionally or alternatively , in a fourteenth embodiment , 
and drawn proximally toward the docking member 30 . as 40 the covering includes one or more retrieval features config 
shown in FIG . 9C . Turning the FIG . 9D , as the snare 56 ured to direct a retrieval device into engagement with the 
reaches the protrusion ( s ) 382 , the snare 56 may engage the docking member . 
engagement surface 384 of the protrusion ( s ) 382 to guide the Additionally or alternatively , in a fifteenth embodiment , 
snare 56 into the recessed area 70 . The retrieval member 380 the one or more retrieval features include one or more 
may prevent the snare 56 from slipping off of the docking 45 radially extending protrusions . 
member 30 . 

With the snare 56 guided into the recessed area 70 , the What is claimed is : 
loop of the snare 56 may be cinched down around the neck 1 . An implantable leadless cardiac pacing device com 
portion 34 , thus collapsing the covering 360 radially inward prising : 
toward the neck portion 34 . 50 a housing having a proximal end , a distal end , and a 

Those skilled in the art will recognize that aspects of the circumferential surface extending between the proxi 
present disclosure may be manifested in a variety of forms mal end and the distal end ; 
other than the specific embodiments described and contem an electrode positioned proximate the distal end of the 
plated herein . Accordingly , departure in form and detail may housing configured to be positioned adjacent cardiac 
be made without departing from the scope and spirit of the 55 tissue ; 
present disclosure as described in the appended claims . a docking member extending from the proximal end of the 

housing along a longitudinal axis of the housing , the 
ADDITIONAL EXAMPLES docking member configured to facilitate retrieval of the 

implantable leadless cardiac pacing device ; and 
One additional example is an implantable leadless cardiac 60 a covering affixed to the docking member , the covering 

pacing device including a housing having a proximal end surrounding at least a portion of the docking member 
and a distal end , an electrode positioned proximate the distal and including one or more retrieval features having a 
end of the housing configured to be positioned adjacent radial dimension from the longitudinal axis greater than 
cardiac tissue , and a docking member extending from the a radial dimension of the housing from the longitudinal 
proximal end of the housing along a longitudinal axis of the 65 axis to the circumferential surface of the housing ; 
housing . The docking member is configured to facilitate wherein the covering is configured to remain affixed to the 
retrieval of the implantable leadless cardiac pacing device . docking member while implanted in a patient . 
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2 . The implantable leadless cardiac pacing device of claim docking member configured to facilitate retrieval of the 

1 , wherein the one or more retrieval features are configured implantable leadless cardiac pacing device ; 
to direct a retrieval device into engagement with the docking the docking member including a head portion and a neck 
member . portion extending between the housing and the head 

3 . The implantable leadless cardiac pacing device of claim 5 portion ; 
the head portion having a radial dimension from the 2 , wherein the one or more retrieval features are further 

configured to prevent a head portion of the docking member longitudinal axis and the neck portion having a radial 
from passing through the retrieval device . dimension from the longitudinal axis less than the 

4 . The implantable leadless cardiac pacing device of claim radial dimension of the head portion ; and 
1 , wherein the one or more retrieval features include one or 10 one or more flexible retrieval features extending from the 

head portion of the docking member configured to more radially extending protrusions . 
5 . The implantable leadless cardiac pacing device of claim direct a retrieval device into engagement with the 

4 , wherein the one or more radially extending protrusions docking member , the one or more flexible retrieval 
each include an engagement surface configured to facilitate features configured to deflect from an equilibrium state 
guiding a retrieval device into engagement with the docking 15 to a delivery state . 

15 . The implantable leadless cardiac pacing device of member . 
6 . The implantable leadless cardiac pacing device of claim claim 14 , wherein the one or more flexible retrieval features 

include one or more radially extending protrusions . 5 , wherein the engagement surface is oriented at an oblique 1 
angle to the longitudinal axis . 16 . The implantable leadless cardiac pacing device of 

7 . The implantable leadless cardiac pacing device of claim Jaim 20 claim 20 15 , wherein the one or more radially extending 
4 , wherein the one or more radially extending protrusions protrusions have a radial dimension from the longitudinal 
are configured to deflect to a delivery state and expand to an axis in the equilibrium state greater than a radial dimension 
equilibrium state . of the housing from the longitudinal axis to the circumfer 

8 . The implantable leadless cardiac pacing device of claim ential surface of the housing . 
7 , wherein the radial dimension of the one or more retrieval 25 | 25 17 . The implantable leadless cardiac pacing device of 

claim 14 , wherein the one or more flexible retrieval features features is greater than the radial dimension of the housing 
when the one or more radially extending protrusions are in include a plurality of radially extending protrusions extend 
the equilibrium state . ing radially from the head portion of the docking member . 

9 . The implantable leadless cardiac pacing device of claim 18 . The implantable leadless cardiac pacing device of 
1 . wherein the docking member includes a head portion and 30 claim 17 , wherein the plurality of radially extending pro 

trusions are oriented at an oblique angle to the longitudinal a neck portion extending between the housing and the head 
portion , the head portion having a radial dimension from the axis . 
longitudinal axis and the neck portion having a radial 19 . The implantable leadless cardiac pacing device of 
dimension from the longitudinal axis less than the radial claim 18 , wherein the plurality of radially extending pro 
dimension of the head portion . 35 trusions are angled toward the distal end of the housing . 35 " 

10 . The implantable leadless cardiac pacing device of 20 . A method of retrieving an implantable cardiac pacing 

claim 9 , wherein the covering surrounds the head portion of device , the implantable cardiac pacing device having a 
the docking member . housing having a proximal end , a distal end , and a circum 

11 . The implantable leadless cardiac pacing device of ferential surface extending between the proximal end and 
claim 9 , wherein the radial dimension of the one or more 40 40 the distal end , an electrode positioned proximate the distal 
retrieval features is greater than the radial dimension of the end of the housing , and a docking member extending from 
head portion . the proximal end of the housing along a longitudinal axis of 

12 . The implantable leadless cardiac pacing device of the housing , the docking member including a head portion , 
claim 9 , wherein the covering surrounds the neck portion of a neck portion extending between the housing and the head 
the docking member . 45 portion , and one or more flexible retrieval features extending 

13 . The implantable leadless cardiac pacing device of from the head portion of the docking member , the one or 
claim 1 , wherein the one or more retrieval features are more flexible retrieval features configured to deflect from an 

equilibrium state to a delivery state , the method comprising : angled toward the distal end of the housing . advancing a snare toward the docking member such that 14 . An implantable leadless cardiac pacing device com 
prising : the snare engages an engagement surface of the one or 

more flexible retrieval features and the engagement a housing having a proximal end , a distal end , and a 
circumferential surface extending between the proxi surface 

guiding the snare along the engagement surface into a mal end and the distal end ; 
an electrode positioned proximate the distal end of the recess area between the engagement surface and the 

housing configured to be positioned adjacent cardiac 55 neck portion of the docking member ; and 
cinching the loop around the neck portion of the docking tissue ; 

a docking member extending from the proximal end of the member . 
housing along a longitudinal axis of the housing , the 

45 
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